As more investigations into factors affecting the quality of life of patients with multiple sclerosis (MS) are undertaken, it is becoming increasingly apparent that certain comorbidities and associated symptoms commonly found in these patients differ in incidence, pathophysiology and other factors compared with the general population. Many of these MS-related symptoms are frequently ignored in assessments of disease status and are often not considered to be associated with the disease. Research into how such comorbidities and symptoms can be diagnosed and treated within the MS population is lacking. This information gap adds further complexity to disease management and represents an unmet need in MS, particularly as early recognition and treatment of these conditions can improve patient outcomes. In this manuscript, we sought to review the literature on the comorbidities and symptoms of MS and to summarize the evidence for treatments that have been or may be used to alleviate them.
Introduction
Multiple sclerosis (MS) is a complex neurodegenerative autoimmune disease, characterized by dissemination of inflammatory lesions in the central nervous system (CNS) . The localization and severity of MS lesions within the brain and spinal cord is unpredictable and, therefore, a wide range of body systems can be adversely affected to a variable degree. Consequently, there is a myriad of symptoms and comorbidities associated with MS that can impact negatively on patient quality of life (QoL).
In relapsing MS, the primary aim of therapeutic intervention is to reduce the frequency of relapses and limit disease progression. As a result, the clinical assessments that follow diagnosis of MS are often conducted with the sole intention of monitoring these outcomes, excluding other important MS-related conditions. In raising awareness and prompting early recognition of the known symptoms and comorbidities of MS, there exists the possibility to provide treatment and improve QoL for patients. In order to highlight these issues, we sought to review the treatment options for underrecognized and often overlooked symptoms and comorbidities associated with MS.
As a consequence of the low recognition of MSrelated symptoms and comorbidities, many of the pharmacological treatment options reviewed herein are not licensed specifically for the treatment of those conditions in patients with MS, and therefore report off-label use of medications.
Methods
We performed an extensive MEDLINE search covering publications on all symptoms which have been dealt with in this article combined with 'multiple sclerosis' during the period from 1980 to August 2010. Articles with randomized controlled studies were considered to have the highest level of evidence, followed by one or more well-documented clinical studies, such as case-controlled or cohort studies, and the lowest level of evidence came from nonrandomized historical controls, case reports or expert opinion. In this paper we focus on studies with the highest level of evidence that were available for each therapy. This is followed by a summary of the therapies that have been used to treat symptoms known to be experienced by people with MS (Table 1) . Type A recommendations represent the strongest type of recommendation for each symptom.
Spasticity
Approximately 90% of patients with MS experience spasticity during their lifetime. It is often a disabling symptom and is caused by axonal degeneration or malfunction that may be combined with demyelinating plaques within specific descending spinal tracts. This leads to a disturbance of inhibitory interneuronal spinal network pathways and results predominantly in weakness of physiological flexor muscles, usually with increased ('spastic') muscle tone and reduced dexterity of the muscles involved. Spasticity can be classified into a tonic (with persistently elevated muscle tone) or a phasic form (with intermittently elevated muscle tone) often associated with painful cramps. In patients with severe and long-standing MS, spasticity results in contractures that impair daily activities and quality of daily life and also impact on nursing. On the other hand, spasticity may to a certain degree help to ameliorate muscle weakness which reduces stability of lower limbs [Henze et al. 2006 ].
Assessment
Clinical assessment of spasticity should include quantification through a validated scoring system. The most commonly used score is the Ashworth scale or the modified Ashworth scale [Bohannon and Smith, 1987; Ashworth, 1964] . These scales assess passive resistance in the joints investigated, as the examiner perceives it. The resistance is scored from 0 to 4 (Ashworth scale) or from 0 to 5 (modified Ashworth scale). The modified Ashworth scale has been demonstrated to be useful for the assessment of spasticity in clinical practice [Ghotbi et al. 2009 ]. Other scales are the Tardieu scale and the modified Tardieu scale [Mehrholz et al. 2005; Tardieu et al. 1954 ]. These assessment scales consider passive range of motion, quality of muscle reaction to passive stretch at the fastest stretching velocity and angle of muscle reaction at the point of resistance to the fastest stretching velocity when the overactive stretch reflex produces a first catch. Other authors have developed scales counting spasm frequency [Priebe et al. 1996; Penn et al. 1989 ].
The obvious shortcomings of all of these scales are the dependency on the examiner's rating of spasticity on passive movement. Previous studies have shown that spasticity scales provide insufficient information about muscles involved in spastic movement, and the reliability and validity of the scales has been questioned in clinical practice [Fleuren et al. 2010; Malhotra et al. 2009 ]. Thus, self-reported scales of perceived spasticity (visual analogue scales or numeric rating scales) may provide additional information, but are not sufficient alone for clinical assessment [Hsieh et al. 2008; Lechner et al. 2006 ]. The 88-item Multiple Sclerosis Spasticity Scale (MSSS-88) has been developed by Hobart and colleagues, and validated in a large patient cohort [Hobart et al. 2006 ]. The main aim of this patient-based, interval-level measure is to access the impact of spasticity on quality of life in patients with MS. In addition, a new 100-point score to assess disability related to daily activities, pain, dystonia and the presence of spasticity (Rekand disability and spasticity score) has recently been proposed, but needs to be validated in larger patient cohorts [Rekand, 2010] .
Specific treatment
Physiotherapy represents the mainstay in the management of spasticity. The aim of physiotherapy is to reduce abnormal sensory inputs and decrease alpha-motor neuron activity [Gracies, 2001] . Controlled studies in patients with MS have only rarely been performed.
One study examined the effect of physiotherapy in MS-related gait disturbances reporting positive results [Wiles et al. 2001] . The most common techniques (e.g. those by Bobath, Vojta and proprioceptive neuromuscular facilitation) appear to be of roughly equal efficacy, despite their different rationale [Paci, 2003] . Treadmill training with partial body weight support, combined with Vojta-type physiotherapy, was reported to reduce spasticity in MS patients [Laufens et al. 1998 ]. Moreover, repetitive training of isolated movements may also reduce spasticity in a paretic hand [Butefisch et al. 1995] .
Other treatment modalities, such as cooling [Mecomber and Herman, 1971 ] and Although some of the pharmacological treatment options listed may have regulatory approval for individual conditions described, many are not licensed specifically for the treatment of those conditions in patients with MS, and therefore refer to off-label use of those medications.
hydrotherapy [Kesiktas et al. 2004] , are reported to exhibit a transient beneficial effect on elevated muscle tone. Functional electrical stimulation by means of surface electrodes applied to the thigh muscles has been shown to induce cycling leg movements and reveal a significant reduction of spasticity after each stimulation session [Krause et al. 2007] . Studies investigating the effect of transcutaneous electrical nerve stimulation (TENS; 100 Hz and 0.125 ms pulse width) in patients with MS demonstrated no apparent effect in reducing spasticity; longer applications, however, appeared to be useful in treating MS patients with pain and muscle spasm [Miller et al. 2007 ]. Whole-body vibration has not been demonstrated to add any additional effect on spasticity in patients with MS [Schyns et al. 2009 ].
Pharmacological treatment
The effect of baclofen over placebo has been demonstrated in a number of trials [Sawa and Paty, 1979; Sachais et al. 1977; Duncan et al. 1976 ]. While there is evidence of an antispasmodic effect, the main benefit observed is a significant reduction of spasms. Two further randomized crossover trials reported some effect on spasticity [Feldman et al. 1978; Hudgson and Weightman, 1971] . Three randomized, controlled trials and two randomized crossover trials compared the effect of tizanidine with that of placebo and demonstrated that it reduces muscle tone [Smith et al. 1994; Lapierre et al. 1987; Knutsson et al. 1982] . When compared with baclofen, however, there is some evidence of similar efficacy [Bass et al. 1988; Eyssette et al. 1988; Smolenski et al. 1981] . Baclofen and tizanidine are the most commonly used oral drugs to reduce spasticity, which is in agreement with previous recommendations from the Spasticity Management Guideline Development Panel [Haselkorn et al. 2005; Snow et al. 1990 ]. Continuous intrathecal infusion of baclofen via an implantable pump has been shown to reduce spasticity [Creedon, 1997; Penn et al. 1989 ]. Its use is generally reserved for those with drug-resistant spasticity who have by and large lost ambulation.
The efficacy of gabapentin (3003600 mg/day) was evaluated in two placebo-controlled randomized crossover trials. In one there were significant differences between the groups on all of the eight outcome measures assessed, with few adverse effects [Cutter et al. 2000] . A second trial reported significant effects on the Ashworth scale score and the Expanded Disability Status Scale (EDSS) [Mueller et al. 1997 ].
Botulinium toxin is an important addition to the treatment options for spasticity. Various randomized, placebo-controlled studies demonstrated significant a reduction of spasticity in adductor muscles compared with placebo [Hyman et al. 2000; Snow et al. 1990 ].
The evidence of a beneficial effect of dantrolene sodium over placebo is limited [Gambi et al. 1983; Monster, 1974; Gelenberg and Poskanzer, 1973] and for this reason dantrolene is used as a secondline drug. Tolperisone is also used second-line because of a lack of available evidence of efficacy. Following the early data on dantrolene, diazepam (a benzodiazepine) was originally thought to have a similar effect, with the potential to be even better tolerated [Schmidt et al. 1976] .
Benzodiazepines are now known to exhibit strong antispastic effects; however, their profound side effects, specifically sedation and dependence, limit their use in MS [Shakespeare et al. 2003; Paisley et al. 2002] .
Tetrahydrocannabinol (THC) or a cannabis extract have been studied extensively as treatment modalities to reduce spasticity. In a placebo-controlled trial with THC in 630 patients, no significant reduction of spasticity was found when using the Ashworth scale. Nevertheless, the therapeutic effects on patients' overall mobility and on the subjective impression of pain reduction with THC and with cannabis extract suggest a potential usefulness of these drugs [Zajicek et al. 2003 ]. These observations have been confirmed in some smaller studies [Vaney et al. 2004; Wade et al. 2004; Killestein et al. 2002] . Sativex (USAN: nabiximols), an oromucosal spray containing THC and cannabidiol (CBD), has been studied for its efficacy in the alleviation of spasticity in MS patients. The results from three randomized, placebo-controlled, double-blind parallel group studies were recently combined. This meta-analysis demonstrates that nabiximols is well tolerated and reduces spasticity [Wade et al. 2010] . Based on the available evidence, however, the use of cannabinoids cannot be recommended, except in single refractory cases as second-line therapy when the treatment is performed by physicians with a high level of experience with cannabinoids. The dose-dependent side effects are that of other THC products; the potential for development of drug dependence has not been formally studied. Furthermore, in many countries cannabinoids are illicit drugs and require a special permit to be used in medicine.
There is only limited evidence that intrathecal injection of corticosteroids (triamcinolone acetonide) is clinically effective in spasticity of spinal origin. One group has reported a collection of clinical cases in which the effect of repeated intrathecal triamcinolone injections (40 mg every third day, up to six times) was studied resulting in a significant improvement of the EDSS score and of walking distance [Hoffmann et al. 2006 [Hoffmann et al. , 2003 . With respect to the invasive nature of treatment and the limited data available, it can be recommended to be administered only by experienced neurologists.
Fatigue
Fatigue is one of the most frequent and disabling symptoms reported in MS. Up to 90% of patients are affected [Fisk et al. 1994a; Krupp et al. 1988] and over half of patients state that it is the most troublesome symptom of the disease [Fisk et al. 1994a ]. Fatigue differs from normal tiredness as it is unexpected, occurs suddenly and without any direct external reason. Symptoms are more prominent in the afternoon [Krupp et al. 1988 ], aggravated by heat and have a negative impact on QoL, reducing daily tasks and exercise and interfering with work, family and social life [Comi et al. 2001; Fisk et al. 1994a ].
The pathophysiology of fatigue in MS is unclear as there is no relation with disease duration; it can occur at all stages of the disease [Comi et al. 2001] and is often already present at the onset of disease [Whitaker and Mitchell, 1997] . There is no relationship between fatigue and age [Krupp et al. 1995; Fisk et al. 1994a] or gender of patients [Colosimo et al. 1995] . Positive correlations between EDSS score and fatigue have been reported [Bergamaschi et al. 1997; Colosimo et al. 1995; Krupp et al. 1995] , but this relationship was not confirmed in a more recent study [Bakshi et al. 2000 ]. As fatigue can occur at early stages of the disease it would imply that it is not related to MS severity and that the observed positive correlations derive from other comorbid factors. There appears to be an association between fatigue and depression [Brown et al. 2009; Bakshi et al. 2000] , and between fatigue and self-esteem [Fragoso et al. 2009 ], but the underlying mechanisms are not well understood.
Increasing evidence attests that fatigue is not related to peripheral inflammatory activity [Giovannoni et al. 2001] nor to global clinical severity of the disease [Bakshi et al. 2000 ], but may be linked to dysfunction within the nervous system. However, imaging studies did not show any association with T 2 lesion load or the number of gadolinium-enhanced lesions [Bakshi et al. 1999] . Focal lesions in the brainstem are the only measure for which a direct relationship to fatigue has been suggested [Mö ller et al. 1994] . Other imaging studies have provided convergent arguments suggesting a dysfunction in the striatalthalamicfrontal system among patients experiencing fatigue [Andreasen et al. 2010; Tellez et al. 2008; Filippi et al. 2002; Roelcke et al. 1997 ]. Whether such abnormalities are a constant feature among patients with fatigue or characterize a specific pattern concerning only a sub-group of patients remains to be determined. A sympathetic vasomotor dysfunction has also been suggested [Flachenecker et al. 2003 ], but causal abnormalities probably mostly reside in the CNS.
Assessment
The diagnosis and management of fatigue in MS are complicated by a number of issues, including symptom heterogeneity. The MS Council for Clinical Practice Guidelines [The Multiple Sclerosis Council for Clinical Practice Guidelines, 1998] has defined MS-related fatigue as a 'subjective lack of physical and/or mental energy that is perceived by the individual or caregiver to interfere with usual or desired activities'. In some cases fatigue may be related to depression, cognitive dysfunction or motor impairment, defining secondary fatigue. Nevertheless, for many patients, fatigue exists independently of motor weakness, cognitive or mood disorders.
The assessment of fatigue is problematic due to the subjective nature of the disorder and the fact that 13 different fatigue scales have been used in patients with MS since 1989. However, none of these scales have proved to accurately and reliably assess total fatigue in MS and tend to focus on specific components of fatigue. As a result the discrimination between cognitive and motor aspects of fatigue, which has been one objective of the fatigue impact scale [Fisk et al. 1994b [Fisk et al. , 1994a , remains poor, most of the scales having an emphasis on physical symptoms. The recently reported Fatigue Scale for Motor and Cognitive Functions (FSMC) [Penner et al. 2009 ] attempts to overcome these limitations. Although the FSMC has yet to be employed in large-scale studies, it has undergone validation assessments, which showed that the scale provides differential quantification and graduation of cognitive and motor fatigue.
Specific treatment
There is a current unmet need for treatments tailored to specific aspects of MS-related fatigue.
Several nonpharmacological approaches have been proposed, including physiotherapy [Wiles et al. 2001] , aerobic exercise [Mostert and Kesselring, 2002] , yoga [Oken et al. 2004] or cooling [Schwid et al. 2003 ]. The observed positive effects were somewhat weak although these approaches benefited from having no adverse side effects. More recently, a controlled trial has demonstrated that progressive resistance training can improve muscle strength and functional capacity in MS, and this is associated with improvement in fatigue, mood and quality of life [Dalgas et al. 2010 [Dalgas et al. , 2009 . Fatigue management and energy conservation have also been proposed as effective acute and long-term strategies to minimize fatigue in MS [Sauter et al. 2008; Mathiowetz et al. 2005] .
Pharmacological treatment
Pemoline, a CNS psychostimulant which acts, at least partly, through the dopaminergic system showed a possible benefit in reducing fatigue with a daily dose of 75 mg in one study [Weinshenker et al. 1992] , but another trial failed to show any efficacy at a dose of 56.25 mg/day [Krupp et al. 1995] . Side effects such as irritability, headache, insomnia, nausea, anorexia (as well as possible hepatotoxicity) severely limit the use of pemoline in clinical practice.
Trials with 4-aminopyridine, a potassium-channel blocker, have shown some improvement of motor weakness, ambulation and fatigue [Rossini et al. 2001; Bever et al. 1994; Polman et al. 1994 b; van Diemen et al. 1993 ], but side effects might be serious. The related molecule, 3,4-diaminopyridine, is better tolerated, but is poorly effective on fatigue [Sheean et al. 1998; Bever et al. 1996; Polman et al. 1994a ]. However, this family of molecules could specifically improve symptoms for patients with temperature-sensitive or exercise-dependent fatigue [Polman et al. 1994a] , and recent results suggest they improve motor disorders and walking ability [Goodman et al. 2007 ]. Indeed, a recent randomized, placebo-controlled study showed improvement in walking speed in approximately one-third of patients treated with fampridine, a sustainedrelease 4-aminopyridine preparation [Goodman et al. 2009 ]. In addition, the drug is now licensed in the USA to improve walking in people with all types of MS. Main side effects were paraesthesia, abdominal pain, dizziness, confusion and convulsions [Goodman et al. 2009 ].
Antidepressant molecules such as selective serotonin reuptake inhibitors (SSRIs) have been suggested as treatments for fatigue, but their clinical efficacy in fatigue remains to be proven. Improvements in MS-related fatigue have been shown with aspirin (1300 mg/day) in a small crossover study [Wingerchuk et al. 2005] , and also with levocarnitine in a small open-label study of patients treated with immunosuppressant and immunomodulatory drugs [Lebrun et al. 2006 ].
Amantadine, an antiviral agent, also acts as a CNS stimulant due to its putative dopaminergic, noradrenergic and antiglutamatergic properties. This drug has been evaluated for fatigue relief in patients with MS in placebo-controlled clinical trials, mainly following a crossover design [Pucci et al. 2007; Krupp et al. 1995; Cohen and Fisher, 1989; Canadian MS Research Group, 1987; Murray, 1985] . Overall, the results from these studies have suggested amantadine may provide a mild, short-term reduction in fatigue in 2040% of patients, although the results are inconsistent. In addition, the impact of this transient reduction on patient functioning and health-related quality of life remains to be determined. The main side effects are hyperactivity, insomnia, hallucinations and oedema.
Modafinil is a wake-promoting agent with clear impact on sleepiness. A small benefit on fatigue has been suggested in two nonrandomized studies [Rammohan et al. 2002; Zifko et al. 2002] , but a double-blind, placebo-controlled, randomized trial did not confirm the benefit on a whole population of patients with fatigue [Stankoff et al. 2005 ]. However, a positive trend was reported for patients with excessive daytime sleepiness.
Depression
Depression is common in patients with MS. Lifetime morbidity of a depressive disorder in Therapeutic Advances in Neurological Disorders 4 (3) these patients is reported to be approximately 50% [Sadovnick et al. 1996] . A study that involved posting of Center for Epidemiologic Studies Depression Scale (CES-D) questionnaires to patients with MS [Chwastiak et al. 2002] showed that clinically significant depressive symptoms were present in 42% of patients, and moderate to severe depression in a further 29% of patients. Other studies have shown a 12-month prevalence of depression of 15% [Ziemssen, 2009] to 26% [Patten et al. 2003 ] in patients with MS compared with 9% in the general population, and a standardized mortality ratio for suicide of 2.3 for patients with MS compared with the general population [Fredrikson et al. 2003 ].
The known effects of depression can be exacerbated in MS and have been observed to result in reductions in QoL [Wang et al. 2000 ], physical activity [Motl et al. 2009 ], social interactions [O'Brien, 1993] , treatment adherence [Mohr et al. 1997 ] and working memory capacity [Arnett et al. 1999] .
As a chronic disease, MS has a significant impact on social roles (e.g. personal relationships and work), standards of living, psychological wellbeing and recreational activities. The impact is not just restricted to the patient but also to friends and relatives, particularly children and partners [Hakim et al. 2000 ]. Clinical neurologists need to be aware of the types of psychosocial problems that can be associated with MS and be vigilant for these problems in patients they have under their care.
Assessment
The assessment of depression in MS is complicated by the overlap between the signs and symptoms of the disease and those of depression itself. A study by Mohr and colleagues [Beeney and Arnett, 2008] showed that four of the nine core symptoms of depression in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) also occur in MS: fatigue, psychomotor retardation, decreased concentration and sleep disturbance. In addition, it has been shown that only 70% of cases of depression are identified in patients with MS when employing the widely used Beck Depression Inventory (BDI) with a cutoff score of 13, leaving almost one third of patients undiagnosed [Sullivan et al. 1995] . However, despite this shortfall in diagnosis, the Goldman Consensus Statement of 2005 [Goldman Consensus Group, 2005 ] still considered the BDI as the most appropriate scale to use in the screening for depression in patients with MS.
Although validated in clinical studies, the use of questionnaires and other assessment tools for depression is not widely implemented in clinical practice. There is evidence that asking one question about whether the patient feels sad or depressed [Vahter et al. 2007; Avasarala et al. 2003] or two simple questions, which assess mood and loss of interest or pleasure [Mohr et al. 2007] , may be sufficient to diagnose depression in patients with MS with a high level of sensitivity and specificity.
In a large systematic review of 72 studies [Dennison et al. 2009 ], adjustment to a diagnosis of MS and disease progression was found to depend on a wide range of factors, the most strongly correlated being perceived stress and emotional-coping strategies while uncertainty over future health was robustly associated with a worse adjustment to diagnosis. Other factors were similar to those for other major disease diagnoses such as social support, interactions with others, cognitive psychopathology, illness and symptom cognitions, perception of control and self-efficacy, positive psychology and health behaviours.
No formal screening tools are currently available for determining and rating these problems in patients with MS. Depending on the individual issues affecting each patient, depression scales and QoL instruments may be helpful, although lacking in specificity. Timely recognition of psychosocial alterations in patients can ensure the provision of appropriate social and therapeutic support which may include psychotherapy, stress management and relaxation techniques as well as vocational rehabilitation [Khan et al. 2009; Malcomson et al. 2007 ].
Specific treatment
Psychotherapies have been shown to have a positive impact on MS-related depression with the results of cognitive behavioural therapy (CBT) observed to be equivalent to the administration of sertraline [Mohr et al. 2001] . A review of intervention studies on depression in persons with MS showed that there is reasonable evidence that CBT is beneficial in the treatment of depression and in helping people adjust to (and cope with) living with the disease [Walker and Gonzalez, 2007] .
Pharmacological treatment
No randomized, controlled studies have been performed on the efficacy of pharmacological treatment of depression in patients with MS; however, there is considerable evidence that SSRIs and selective noradrenaline reuptake inhibitors are effective in the treatment of general depression. The dual action serotonin and noradrenaline reuptake inhibitors have also been shown to be effective in the treatment of depression [Herrera-Guzmán et al. 2010] . When choosing an antidepressant for patients with MS, the side effect profile of the chosen medication must be taken into consideration, particularly where it can exacerbate a condition that may already be present in the patient (e.g. sexual dysfunction or spasticity). Use of interferon therapy had been considered to be associated with an increased incidence of depression in patients with MS [Mohr et al. 1999 ]. However, more recent investigations have dismissed such an association [Patten et al. 2008 [Patten et al. , 2005 .
Tremor and ataxia
Tremor is estimated to occur in 75% of patients diagnosed with MS [Deuschl et al. 1998 ], although prevalence of this symptom has not been studied systematically or on a large scale. In patients with MS, tremor has been reported in various parts of the body including the head, neck, vocal cords, trunk and limbs [Alusi et al. 1999 ]. Alusi and colleagues reported that in 100 randomly selected patients with MS in the UK, tremor severity was minimal in 27%, mild in 16% and moderate to severe in 15% of patients; the severity was correlated with the degree of dysarthria, dysmetria and dysdiadochokinesia; and was associated with greater disability [Alusi et al. 2001] . In a community-based US study of 200 patients with MS, clinical tremor was found in 25% of patients and severe tremor in 3% of patients [Pittock et al. 2004] . The lower overall incidence of tremor in the US study may be related to differences in study design and/or the selection of patients. A 2005 study provided evidence that tremor amplitude was correlated with the lesion load in the contralateral pons [Feys et al. 2005b ].
Three types of general tremor have been identified [Deuschl et al. 1998 ]: a. postural tremor, which is present while a position is voluntarily maintained against gravity;
b. intention tremor, which is obvious when a movement is target-directed with an increased amplitude during visually guided movements towards the target; and c. rest tremor, which is observed when a body part is not voluntarily activated and supported against gravity.
The first two subtypes are related to the cerebellum and its connections whereas the third subtype is indicative of pathology in the basal ganglia. Although demyelination, inflammation and axonal injury have been reported in the basal ganglia of patients with MS [Vercellino et al. 2009 ], rest tremor has not been reported in MS [Koch et al. 2007 ].
Ataxia is a group of abnormal movements, of which tremor is only one symptom. Other conditions included in this group include incoordination, delay in movement, dysmetria and dysdiadochokinesia [Ghez and Thach, 2000] . Up to 85% of people with MS may experience ataxia at some point in time and in 32% of patients the ataxia will be severe enough to decrease functional abilities [Weinshenker et al. 1996 ].
Ataxia can be the result of damage to the cerebellum (cerebellar ataxia), the posterior columns of the spinal cord (sensory ataxia) or dysfunction of the vestibular system (vestibular ataxia). Ataxia can also result from thalamic and parietal and frontal-lobe lesions.
Assessment
Evaluation of tremor is not specified in the functional systems scale for cerebellar function in the EDSS. Moreover, clinical practice indicates that it is not easy to quantify the severity of this symptom. Several methods have been suggested although all are rather complicated and too cumbersome for routine use in a clinic [Matsumoto et al. 2001] . A simple 0 to 10 scale has been shown to be a reliable measurement tool in patients with MS [Alusi et al. 2001; Bain et al. 1993] , although it has yet to be validated in large clinical studies.
The Fahn Tremor Rating Scale (FTRS) [Fahn et al. 1988] assesses intention tremor in the terminal period of the finger-to-nose test. A modified version, without the functional disability rating scale, has been assessed for use with people with MS [Hooper et al. 1998 ]. It was found to be a reliable and potentially useful tool for assessing movement disorders in these patients.
Questionnaires and scales destined to evaluate QoL may be informative about tremor severity since this symptom is known to have a great impact on the daily life of the patients. However, these methods are almost exclusively subjective and their use in evaluating specific symptoms such as tremor is presently unvalidated.
The 2007 Cochrane Database Systematic Review of treatment of ataxia in MS [Mills et al. 2007] concluded that standardized, well-validated measures of ataxia need to be developed and employed in large, double-blinded, randomized, controlled trials. Items such as the International Cooperative Ataxia Rating Scale (ICARS) which has been shown to be a reliable and repeatable measure of ataxia [Storey et al. 2004; Trouillas et al. 1997 ], needs to be validated for specific use in MS. To date, the use of the Brief Ataxia Rating Scale or the Abnormal Involuntary Movement Scale has not been assessed in MS.
Specific treatment
Exercise and rehabilitation regimens have been shown to improve functional independence despite having a minimal impact on the level of neurologic impairment, although the results are only short lived [Brown and Kraft, 2005] . These regimens are known to have a greater impact on patients with severe MS compared with less affected patients, although, as with cognitive problems, ataxia seems to be refractory, particularly in those with severe disease [Brown and Kraft, 2005] . In addition to exercise and rehabilitation regimens, some studies have reported a beneficial effect of local forearm cooling on upper limb intention tremor, whereby sustained cooling of the forearm reduced tremor amplitude and frequency in patients with MS [Feys et al. 2005a; Albrecht et al. 1998 ].
Pharmacological treatment
So far, no medical treatment has reliably been proven to be efficacious for tremor in patients with MS. Most reports of a treatment effect derive from uncontrolled open-label studies and only a few randomized controlled trials have been published, each only including a small number of patients, with inconsistent results. Isoniazid failed to show any benefit in decreasing the severity of either static or kinetic cerebellar tremors when administered with propranolol and ethanol [Koller, 1984] and only minimal improvements were observed in six of eight patients who received isoniazid alone [Bozek et al. 1987] . In contrast, two small (5 patients) open investigations showed significant improvements in tremor in patients with MS given isoniazid [Francis et al. 1986; Sabra et al. 1982] . Cannabinoids have also been investigated for the relief of this symptom [Koch et al. 2007 ], although their efficacy has not been reliably demonstrated. In non-MS patients, beneficial effects on tremor have been reported for carbamazepine [Sechi et al. 1989 ] and an isolated case study has suggested that intrathecal baclofen may be worthy of further investigation [Weiss et al. 2003 ]. The use of clonazepam or propranolol has also been advocated, but there is limited supporting evidence [Perlman, 2000] .
Surgical treatment
Successful alleviation of tremor in patients with MS has been achieved using deep brain stimulation (DBS) of the ventralis intermedius (VIM) thalamic nucleus [Wishart et al. 2003 ], possibly by restoring motor inhibition in the cerebellothalamocortical pathway [Ayache et al. 2009 ].
It remains unclear whether DBS or thalamotomy is the most effective strategy in MS and whether either will provide an overall improvement in QoL. A systematic literature review showed that numerous studies have attempted to assess the efficacy and safety of thalamotomy and DBS in the treatment of MS tremor, but no standardized outcome measures have been employed ]. The review showed that both procedures initially suppressed tremor in over 90% of patients, although functional improvement was seen only in 47.8% of those who underwent thalamotomy as opposed to 85.2% of those who had DBS ].
The long-term efficacy of thalamic stimulation versus thalamotomy for tremor suppression in MS was assessed in a randomized study and showed that a diminished effect of stimulation was observed in half of the patients, although subjective outcome assessments favoured stimulation compared with thalamotomy [Schuurman et al. 2008] . DBS (thalamic stimulation in particular) is considered a relatively safe and probably effective treatment in medication-resistant, disabling tremor associated with MS [Lyons and Pahwa, 2008] .
The consensus recommendations of the German DBS Study Group [Timmermann et al. 2009 ] rely primarily on expert opinion and include:
1. extensive pre-operative characterization of tremor, ataxia with accompanying disabilities, status of the MS, comorbidities and burden of disease; 2. careful intraoperative testing of effects and side effects; 3. intensive postoperative testing and programming as well as regular re-evaluation of therapeutic effect.
The efficacy and safety of treatments for ataxia in MS are poorly documented, although neurosurgery and rehabilitation interventions may, at least, be partly beneficial.
Pain
Pain affects between 44% and 80% of people with MS and has a significant impact on their lives [Hirsh et al. 2009; O'Connor et al. 2008; Ehde et al. 2006 ]. Although it is not clear whether the incidence of pain is greater amongst patients with MS compared with age-matched healthy subjects, a nonsystematic literature review of pain in MS by Bermejo and colleagues showed that increased pain was associated with duration of disease and severity of MS [Bermejo et al. 2010] . They also reported that pain intensity was related to levels of fatigue and depression and that pain impacts patients' QoL, limiting both their daily activities and their working life.
A recent systematic review of pain in MS [O'Connor et al. 2008] differentiates between four distinct pain categories:
. continuous central neuropathic pain (e.g. dysesthetic extremity pain); . intermittent central neuropathic pain (e.g. trigeminal neuralgia, Lhermitte's sign); . musculoskeletal pain (e.g. lower back pain, muscle spasms or relating to tonic spasms); . mixed neuropathic and non-neuropathic pain (e.g. headache).
An additional source of pain derives from MSspecific drug therapies which, although not serious, may decrease compliance with treatment [Pardo et al. 2010 ].
Some of these types of pain (e.g. dysesthetic pain, trigeminal neuralgia, Lhermitte's sign and painful tonic spasms) are directly related to the disease and associated with plaque formation in the spinal cord and brain [Nurmikko et al. 2010] , whereas a study of headaches (including migraine) showed no difference in the prevalence rates between patients with MS and control subjects [Putzki et al. 2009 ].
Trigeminal neuralgia is the most common and most distinct paroxysmal disorder and pain syndrome in MS. The high prevalence in MS (estimates of 6.3% [Putzki et al. 2009 ] in patients with MS compared with an overall prevalence of 0.010.02% [Manzoni and Torelli, 2005] ) is explained by the cause of neuralgic pain: aberrant ephaptic (nonsynaptic) transmission from somatosensory to nociceptive fibres at a site of local damage to the myelin sheath. Neuralgia is not limited to the trigeminal nerve and, although much rarer, may involve other sites of the head, neck, trunk and extremities.
Assessment
To date, there have been no systematic studies on the best diagnostic procedures for pain specifically in patients with MS. As with any patient with pain, a thorough clinical and neurological examination is required and the use of a pain diary to document triggers, intensity, concomitant features, duration and pain-relief methods employed is an important tool to aid diagnosis and future treatment plans. Several studies have shown that visual analogue scales are the most appropriate method for recording pain severity [Henze, 2005; Pö llmann et al. 2005; Solaro et al. 2003 ].
Specific treatment
General pain. Therapeutic management of MSrelated pain syndromes is primarily focused on symptom relief and is mainly driven by the suspected causes of the pain [O'Connor et al. 2008; Beard et al. 2003 ]. This approach comprises both pharmacological and nonpharmacological measures similar to methods used in treating non-MS pain. The lack of controlled clinical trials, combined with a poor understanding of the pathophysiology, prevents comprehensive management criteria for MS-related pain [Nurmikko et al. 2010] .
Trigeminal neuralgia. Treatment of neuralgias in patients with MS is slightly different from treatment in non-MS patients [Mumenthaler and Mattle, 2008] . High-dose steroids, usually combined with an anticonvulsant, can be particularly effective, especially when the neuralgia is associated with a relapse. Misoprostol, a prostaglandin E 1 agonist, has also been found effective in patients with MS with trigeminal neuralgia [DMKG Study Group, 2003] , and the musclerelaxant and antispasmodic agent baclofen is occasionally useful instead of, or in addition to, anticonvulsive drugs such as oxcarbazepine [Leandri, 2003] . Interventional treatments involving ganglion and root level neuroablative procedures can be used [Nurmikko et al. 2010] , although neurosurgical exploration of the posterior fossa to free the nerve root from a vascular loop, as performed in cases of idiopathic trigeminal neuralgia, should be avoided in patients with MS as the pathogenesis of the disorder in these patients is probably related to plaques in the brainstem and not to vascular loops encroaching the nerve. Percutaneous radiofrequency rhizotomy has been reported to result in complete pain relief in 7181% of patients with MS, although the number of treated patients was small (17) [Berk et al. 2003; Kanpolat et al. 2000 ]. Between 30% and 50% of the patients had a recurrence of the neuralgia over a mean followup period of between 52 and 60 months. Successful treatment of patients with MS with trigeminal neuralgia has also been achieved using percutaneous retrogasserian glycerol rhizotomy [Kondziolka and Lunsford, 2005] .
Overall, microvascular decompression has been suggested to provide the longest freedom from pain [Gronseth et al. 2008] , but because of the unique characteristics of MS-related trigeminal neuralgia, it has been suggested that this technique should be used only after neuroablative procedures have been considered [Nurmikko et al. 2010] . Results of a long-term study published in 2009 on gamma knife radiosurgery showed that reasonable pain control was maintained for 5 years in over 50% of patients with MS [Zorro et al. 2009 ].
Cognition
Some degree of cognitive impairment is noted in approximately 4565% of patients with MS [DeSousa et al. 2002] . The impairment may start at early stages of the disease and cognition continues to deteriorate with disease progression [Huijbregts et al. 2006 ]. The main symptoms of these deficits include problems with concentration, mental exhaustion and fatigue, spurious actions, learning difficulties and forgetfulness.
Clinical studies have identified that the most common cognitive deficits faced by patients with MS include reduced information processing speed and episodic memory deficits. The effects of these problems, when combined with other known cognitive deficits such as conceptual reasoning, verbal fluency and concentration difficulties, can lead to social impairment, unemployment and a reduced QoL; factors often regarded as being more disabling than motor deficits [Rogers and Panegyres, 2007; Rao et al. 1991b ].
Progressive loss of neocortical grey matter has been shown to play a major role in the development of MS-associated cognitive impairment [Amato et al. 2007; Tekok-Kilic et al. 2007] , and as a greater degree of grey matter loss is generally seen at later stages of the disease [Fisher et al. 2008] , it is apparent that cognitive impairment is likely to increase in patients with progressing disease states. In addition, diffuse white matter damage, affecting connections between distant cortical areas, has been shown to be largely responsible for the impairment of working memory [Audoin et al. 2007 ] and other cognitive defects [Dineen et al. 2009 ].
Assessment
Several different questionnaires and testing batteries have been proposed for screening and evaluation of cognitive deficits in patients with MS [Benedict et al. 2008 [Benedict et al. , 2002 Parmenter et al. 2007; Rao et al. 1991a Rao et al. , 1991b . However, there is no general consensus on which questionnaires and tests are most beneficial.
Specific treatment
Management of cognitive impairment is difficult and 'cognitive rehabilitation in MS is in its relative infancy' [O'Brien et al. 2008] , although nonpharmacological therapeutic procedures, particularly types of cognitive training, have been shown to be at least partially effective [Basso et al. 2008 [Basso et al. , 2006 Brenk et al. 2008; Gentry, 2008; Goverover et al. 2008; Chiaravalloti and DeLuca, 2002] .
Pharmacological treatment
There are no approved drugs for treatment of cognitive deficits in MS. However, off-label use of donepezil in 69 patients with MS has been reported to have positive effects but could not be confirmed in a larger trial [Krupp et al. 2004] . A study with memantine was terminated early following evidence of treatment-related worsening of neurological symptoms [Villoslada et al. 2009 ]. Rivastigmine has shown no significant effects on cognitive problems in MS patients in smaller studies so far, but is currently being investigated in a larger multicentre study with 200 patients [Shaygannejad et al. 2008] .
Oculomotor symptoms and nystagmus
Oculomotor disorders due to brain stem lesions are common in MS but are often undiagnosed as they may be associated with relatively few symptoms [Rougier and Tilikete, 2008] . In a UK survey, the most common causes of acquired nystagmus were considered to be MS and stroke [Choudhuri et al. 2007] . Diplopia due to brain stem lesions may cause considerable functional impairment and nystagmus may result in a decrease in visual acuity.
Specific treatment
There are limited treatments available for diplopia; in cases associated with a relapse, covering the (most) affected eye may give sufficient symptomatic relief. In persistent cases, prism glasses may be helpful.
Pharmacological treatment
Symptomatic relief from nystagmus has been reported with several medications in patients without MS. Results from a randomized, crossover study in 21 patients with acquired pendular nystagmus [Averbuch-Heller et al. 1997 ] showed that improvements were seen with gabapentin but not baclofen, although this latter medication has been shown to improve conditions of periodic alternating nystagmus [Rucker, 2008] . A placebo-controlled, crossover study in 16 patients with cerebellar atrophy [Strupp et al. 2003 ] demonstrated that 3,4diaminopyridine had a positive effect in patients with downbeat nystagmus.
Two crossover studies including patients with MS compared gabapentin and memantine in the treatment of acquired nystagmus [Starck et al. 2010; Thurtell et al. 2010] . Although the number of patients was very low (11 and 3 patients, respectively), both studies indicated that each treatment could improve nystagmus. A slightly better response was observed with memantine in the study, which only included patients with MS [Starck et al. 2010] . Side effects including unsteadiness with gabapentin and lethargy with memantine were common [Thurtell et al. 2010] .
Dysphagia and dysarthria
Dysphagia Dysphagia, although not a common manifestation in early stages of MS, develops in many moderately and severely disabled patients with MS and may be potentially life threatening through aspiration or malnutrition [Calcagno et al. 2002; Thomas and Wiles, 1999; Abraham et al. 1997; Hughes et al. 1994; Daly et al. 1962] . Permanent dysphagia occurs in up to 25% of patients with MS and increases in prevalence as disability advances [De Pauw et al. 2002] . Up to two-thirds of the most disabled patients (EDSS >7.5) and those with severe brainstem dysfunction are at risk of aspiration [Calcagno et al. 2002] .
Patients and their families should be questioned about coughing and choking episodes during meals or previous episodes of pneumonia to identify patients at risk or for consideration of a formal swallowing evaluation with videoflouroscopy. This evaluation can determine the site and severity of the disorder and has been shown to be a sensitive diagnostic measure for this complication of MS [Wiesner et al. 2002] . Reminding patients to eat small quantities of food slowly, to chew adequately and avoid talking whilst swallowing may often be sufficient. 'Chin tucking' during swallowing can significantly reduce the risk of aspiration. Furthermore, drinking a sip of iced water before taking a mouthful of food may be helpful for some patients.
Patients with significant dysphagia for liquids may benefit from the use of thickening agents during meals although this approach is contraindicated in patients with pharyngeal dysfunction. Anecdotally, anticholinesterases used in the treatment of bulbar weakness due to myasthenia gravis, may improve swallowing in patients with advanced MS, although benefits may be transient.
Dysarthria
Dysarthria, particularly ataxic or mixed spasticataxic dysarthria, is a common finding in disabled patients with MS. It has been noted to be associated with midbrain lesions [Blanco et al. 2008] . Speech therapy may be helpful in teaching precision during articulation and such palliative interventions can greatly improve patient QoL [Cohen et al. 2009 ]. In severe examples, communication devices including spelling boards and computer-assisted communication programs may be of value. Occasionally, therapies effective for the treatment of tremor can be helpful for cerebellar dysarthria.
Seizures
Seizures are not especially common in MS, as it predominantly affects the white matter. It is only with disease progression [Fisher et al. 2008] or more progressive types of the disease [Bozzali et al. 2002 ] that damage to the grey matter becomes more apparent. Therefore, it is not surprising that seizures are not as common in MS as in conditions that destroy grey and white matter from the onset, such as stroke.
According to a recent review, the prevalence of seizures in patients with MS ranges between 2.1% and 5.4% [Koch et al. 2008] , depending on the type of study and the patient population investigated, compared with between 0.5% and 1% in the general population [Sander, 2003] . The incidence of seizures was found to be threefold compared with age-matched controls in two of three studies [Nicoletti et al. 2003; Olafsson et al. 1999] , while in the third study it was not increased [Nyquist et al. 2002] . One study found the risk of seizures increased in patients with progressive forms of MS [Martínez-Juárez et al. 2009 ].
Approximately one third of seizures in MS are primary and one third secondary generalized seizures, which is similar to the general population.
The final third of the seizures are partial seizures, simple partial seizures being twice as common as complex partial seizures. In addition, unusual forms of partial seizures and partial and generalized status epilepticus can occur [Koch et al. 2008] . To date, it is not clear whether demyelinating lesions adjacent to the cortex or frank cortical lesions are related to seizures [Nyquist et al. 2001; Sokic et al. 2001] .
The prognosis of epilepsy in 599 patients with MS did not differ from that of a control population [Kinnunen and Wikstrom, 1986] . However, status epilepticus seems to be more frequent and therefore the prognosis may be worse than in non-MS seizures.
Pharmacological treatment
Most antiepileptic drugs have been investigated for the treatment of seizures in patients with MS; however, no adequate randomized, controlled trials have been performed with these medications [Koch et al. 2009 ]. Therefore, it is not clear which drugs are best for MS-associated seizures. It is reasonable to use the same drugs as in other partial and generalized seizures, e.g. carbamazepine, oxcarbazepine, valproic acid, lamotrigine or levetiracetam for focal seizures or valproic acid, lamotrigine, levetiracetam or topiramate for generalized seizures. The question of when to initiate treatment has not been resolved. Seizures occurring with an acute relapse are usually benign and self-limiting, whereas recurrent seizures unrelated to relapses need to be treated. Side effects can be different than in non-MS patients. They can include worsening of weakness and therefore have to be monitored carefully.
Vertigo and dizziness
Vertigo True vertigo, defined as an illusion of movement caused by asymmetric involvement of the vestibular system, is estimated to occur in approximately 20% of patients with MS [Frohman et al. 2003 ] and has been reported to occur in significantly more patients compared with a control population [Rae-Grant et al. 1999] . Lesions located within the vestibular nuclei and the pons region of the brainstem, where cranial nerve VIII originates, are the most common sources of damage leading to vertigo [Karatas, 2008; Frohman et al. 2003 ] and the lesion location may be the reason why vertigo in patients with MS is usually accompanied by vestibular ataxia. However, the cause of vertigo may be unrelated to central pathology and could derive from common conditions such as benign paroxysmal positional vertigo (BPPV), vestibular migraine, Ménière's disease and vestibular neuritis [Neuhauser and Lempert, 2009] , or medications used to treat symptoms such as spasticity [Dario and Tomei, 2004] or neuropathic pain [Hazell et al. 2002] . It is rare for acute vertigo to persist over long periods and usually remits gradually over a few weeks.
No specific studies in the treatment of vertigo in MS have been reported. In the general population, acute vertigo attacks can be relieved with vestibular blocking agents, although it is recommended that these agents are only used in the short term. It is important that the cause of the vertigo is accurately diagnosed and, if possible, the causative conditions are treated. However, the majority of patients are managed symptomatically through the use of, for example, physiotherapy, vestibular rehabilitation therapy and/or repositioning manoeuvres.
Dizziness
Dizziness is a general term for a sense of disequilibrium and is more common than central vertigo. A 1989 US investigation in primary care practices [Sloane, 1989] reported that the frequency of dizziness rises steadily with age, with females complaining of this condition more frequently than males. There are many causes of dizziness including inner ear, neurological and psychiatric disorders. Causes and treatment are generally similar as those for vertigo although, as with that symptom, there have been no systematic studies involving patients with MS.
In patients with persistent and severe dizziness it is advisable to check the patient for cerebellar signs, internuclear ophthalmoplegia, coarse, rebound or vertical nystagmus and any smooth pursuit abnormalities.
Sexual problems
Normal sexual function involves a complex series of physical and psychological factors that are easily disturbed in a chronic disease such as MS. Owing to this, evaluation of sexual disorder in patients with MS requires insight into the primary (changes in libido, sexual response and orgasm due to nervous system damage), secondary (physical disabilities such as fatigue, muscle rigidity, weakness and spasms) and tertiary (emotional, social and cultural aspects of MS) components of MS-associated sexual dysfunction [Fletcher et al. 2009 ]. Sexual problems are not only distressing but can have a large impact on QoL for both patients and their partners [Tepavcevic et al. 2008 ].
The incidence of sexual dysfunction in patients with MS varies considerably between different reports. A 2009 review reported that between 50% and 90% of men and 40% and 80% of women are affected [Kessler et al. 2009 ]. The most frequently reported symptoms in women are anorgasmia or hyporgasmia, decreased vaginal lubrication and reduced libido, and men most frequently experience impotence or erectile dysfunction (ED), ejaculatory and/or orgasmic dysfunction and reduced libido [Fraser et al. 2008; Tepavcevic et al. 2008; Zorzon et al. 1999] .
The most prevalent sexual complaint in men with MS is ED, which has been estimated to affect up to 70% of patients [Zorzon et al. 1999; Betts et al. 1994] . Despite the high frequency, it is likely that the incidence of ED increases with disease duration as it is very uncommon for it to be among the presenting symptoms of the disease [Betts et al. 1994] . Ejaculatory disorders are reported in one study as being observed in about half of male patients [Zorzon et al. 1999] . Problems with premature ejaculation varied across studies; Zorzon and colleagues reported a similar incidence in MS as in the general male population [Zorzon et al. 1999] while in contrast Tepavcevic and colleagues reported premature ejaculation as one of the main sexual problems in men with MS [Tepavcevic et al. 2008] .
Outside of clinical studies, it has been suggested that problems of sexual dysfunction in patients with MS may be underestimated and can occur even in the absence of severe disability [Demirkiran et al. 2006 ]. Fraser and colleagues investigated the relationship between sexual dysfunction and other disabilities in MS [Fraser et al. 2008] . In men, the only statistically significant correlation was a positive relationship with lower-limb and bladder disability. In contrast, in women significant positive correlations were seen between sexual dysfunction and all other MS disabilities, with the strongest relationship being with fatigue. In neither gender was sexual dysfunction seen to be related to duration of disease.
Pharmacological treatment
Treatments for sexual dysfunction in patients with MS of both genders are, in the main, the same as for the general population and largely depend on the aetiology of the problem. Oral phosphodiesterase 5 (PDE5) inhibitors can be prescribed for patients with ED and there is evidence to suggest that sildenafil can be effective in both sexes at doses up to 100 mg, although the data in men are more robust [Dachille et al. 2008] . A variety of topical lubricants, gels and creams are available to overcome vaginal dryness, and androgen therapy with such compounds as methyltestosterone or dehydroepiandrosterone can help to increase libido, particularly in women with low androgen concentrations [Shifren, 2004] . However, long-term use of these latter compounds is not advised due to their sideeffect profile.
Sleep disorders and sleepiness
Excessive daytime sleepiness and/or sleep disorders are frequent problems reported by patients with MS. These disorders could also contribute to the feelings of fatigue in MS. Using the Pittsburgh sleep quality index, it has been suggested that fatigue is associated with disruption of sleep microstructure and poor subjective sleep quality [Kaynak et al. 2006 ]. Excessive daytime sleepiness has been reported in 32% of patients with MS and was mainly associated with insomnia [Stanton et al. 2006 ]. The pathophysiology of sleepiness, as well as its relationship with fatigue, is not known: in addition to insomnia, the high prevalence of restless legs syndrome (RLS), mainly observed in disabled patients with sensory and pyramidal signs, might contribute to poor sleep quality and/or excessive sleepiness [Manconi et al. 2008 [Manconi et al. , 2007 Moreira et al. 2008] .
Pharmacological treatment
In a randomized placebo-controlled study of modafinil as a treatment for fatigue in patients with MS, nearly half of the patients had an ESS (Epworth Sleepiness Scale) score above 10, attesting to clinical sleepiness and, although fatigue was reduced in patients receiving modafinil, improvements were not significantly better than with placebo [Stankoff et al. 2005 ]. Patients with RLS may respond to low doses of dopaminergic agonists. In a recent unpublished study, a central hypersomnia associated with sleepiness was found in some patients [Stankoff et al. unpublished data] corroborating previous description of patients with MS and narcolepsy/cataplexy [Sandyk, 1995] . Such patients, who remain to be described more precisely, should respond better to molecules that promote wakefulness, such as modafinil.
Urinary dysfunction
The complex innervations of the bladder from both the autonomic and somatic neural pathways (Figure 1) Drake et al. 2010] mean that bladder dysfunctions are frequent complaints in MS. However, the risk of progression to renal failure is low and therefore treatment of these disorders should be medically manageable in most patients. The nature of the underlying disease also means that symptoms are liable to change over time: in a small study of 22 patients with well-documented MS, 54% of the patients developed significant changes in urodynamic parameters over a mean follow-up interval of 42 months [Ciancio et al. 2001] .
Bladder dysfunction in MS takes three major forms: storage, emptying and combined dysfunction [Kalb and Holland, 2008; Goodwin and Fowler, 1997] and will affect more than 75% of patients with MS during the course of the disease [Betts, 1999] . Storage dysfunction results from an overactive detrusor muscle (hyperreflexia) that contracts when small amounts of urine are collected, resulting in symptoms of urinary urgency, urinary frequency, nocturia and urge incontinence. Detrusor hyporeflexia is often indicative of pontine lesions [Araki et al. 2003] and severity of symptoms often correlates with the degree of spinal cord involvement [Kalsi and Fowler, 2005] . Symptoms of emptying dysfunction include uncontrolled leakage of urine ('dribbling'), urinary hesitancy and incontinence due to overfilling of the bladder.
Combined urinary dysfunction (detrusorexternal sphincter dyssynergia) is caused by a lack of coordination between the contraction of the detrusor muscle and the external sphincter resulting in a lack of simultaneous relaxation. The symptoms of this type of dysfunction are urinary urgency combined with hesitancy when voiding, and incomplete voiding (often resulting in the need to urinate again soon after). In a retrospective study, 174 of 249 patients (70%) had combined urinary dysfunction symptoms with observations of upper urinary tract deterioration being rare [Onal et al. 2009 ]. Detrusorsphincter dyssynergia is indicative of cervical spinal cord lesions [Araki et al. 2003 ].
Assessment
The UK consensus statement on the management of the bladder in MS [Fowler et al. 2009 ], stated that successful management could be achieved based on a simple algorithm which includes testing for a urinary tract infection and measurement of the post micturition residual urine volume. Obtaining a detailed urinary history, often combined with the keeping of a micturition diary, can also be valuable in determining the source of MS-related bladder dysfunction. This is in contrast with guidelines from other countries that recommend cystometry. Figure 1 . Neural control of the urinary bladder. Urinary bladder control is governed by a complex neural network involving the brainstem and spinal cord. At all times, afferent signals from the bladder and urethra transmit to the lumbosacral spinal cord, mainly via the pelvic nerve but also via the hypogastric and pudendal nerves. The afferent impulses are transmitted from the spinal cord to voluntary control centres within the CNS via the dorsal and/or spinothalmic tract. Within these afferent signals, the Gracile nucleus relays to the thalamus and cortex, while the periaqueductal grey (PAG) communicates with multiple sites including the pontine micturition centre (PMC) and the thalamus. After processing of afferent signals, switching mechanism within the pons (the PMC and potentially the pontine continence centre [PCC]) and spinal cord relay appropriate efferent signals to the bladder via the parasympathetic (pelvic) nerves, sympathetic (mainly hypogastric) nerves, and somatic (pudendal) nerves. (a) Urinary filling and storage: the detrusor remains relaxed due to a lack of parasympathetic activity and the bladder outlet is closed due to excitatory sympathetic and somatic ('guarding') reflexes that stimulate tonic contraction of the internal and external urethral sphincters, respectively. The PCC has a putative role as an 'off' switch during filling and storage, directing the urethral sphincter to contract and preventing parasympathetic bladder contractions. As the bladder fills, there is a concurrent increase in afferent signals to the brainstem and spinal cord. (b) Urinary voiding (micturition): this occurs when afferent signals from the bladder exceed a certain threshold and activate the PAG, which subsequently excites the PMC to promote an efferent promicturition response. Consequently, parasympathetic activity causes the detrusor (and bladder as a whole) to contract, whilst suppression of sympathetic and somatic activity causes relaxation of the internal and external urinary sphincters, respectively.
Uroflowmetric tests can help to assess whether urethral obstructions are present and, although not routinely performed, a urodynamic evaluation can provide useful information relating to detrusorexternal sphincter dyssynergia or detrusor arreflexia.
Pharmacological treatment
Different treatment approaches have been tried depending upon the type of urogenital dysfunction diagnosed. The treatment of urine storage problems in patients with MS has been attempted with antimuscarinic drugs such as oxybutynin [Gajewski and Awad, 1986] , trospium chloride [Shvarts et al. 2009], propantheline [Gajewski and Awad, 1986] , imipramine (particularly for nocturia) [Wall, 1990] and solifenacin succinate [Kaplan et al. 2010 ]. Efficacy results were varied but treatment was often associated with significant adverse effects commonly associated with anticholinergic therapies such as dry mouth and constipation and, less frequently, impairment of accommodation with blurred vision [Fowler et al. 1992] . The use of darifenacin for overactive bladder has been found to preserve cognitive function compared with anticholinergic drugs, with no impairment of memory or other cognitive functions in three randomized controlled trials [Kay and Ebinger, 2008] .
Treatment of emptying dysfunction is also complicated by side effects. Alpha-blocking agents (such as phenoixybenzamine) have been shown to result in some improvements but can cause hypotension [Vereecken et al. 1983] , while antispasticity agents (such as baclofen) may result in increased fatigue and muscle weakness [Fowler et al. 1992] . The main option for the treatment of incontinence is administration of antimuscarinic medications, in combination (if necessary) with clean intermittent self-catheterization [Fowler et al. 2009 ] and administration of desmopressin [Panicker and Haslam, 2009; Kalsi and Fowler, 2005] . In patients unwilling or unable to administer self-catheterization, ileovesicostomy (or suprapubic cystostomy) has been shown to be an effective alternative [Atan et al. 1999; Gudziak et al. 1999] . In severe cases, the only viable alternative is permanent catheterization.
For patients suffering from combined urinary dysfunction problems, selected use of combinations of the outlined treatment options for storage and emptying dysfunctions can be employed on an individual patient basis.
Experimental treatment options for combined urinary dysfunction have included use of neurotoxins as second-line therapy for detrusor overactivity [Radziszewski et al. 2009 ], sacral nerve stimulation [Lavano et al. 2004; Ruud Bosch and Groen, 1996] , intradetrusor injection of botulinum toxin type A [Panicker and Haslam, 2009; Kalsi et al. 2007; Kalsi and Fowler, 2005] , hyperbaric oxygen treatment [Kindwall et al. 1991; Meneghetti et al. 1990 ] and cannabinoids [Kalsi and Fowler, 2005] . However, small studies with these treatments have given conflicting results and rigorous clinical investigations into the effectiveness of these options have yet to be performed.
Bowel dysfunction
The overall prevalence of bowel symptoms in patients with MS is approximately 68% [Hinds and Wald, 1989] with the principal symptoms being faecal incontinency and constipation which affect up to 43% and over 50% of patients, respectively [Norton and Chelvanayagam, 2010; Hinds et al. 1990 ]. An online survey of 155 patients with MS suggested that few strategies employed by patients resulted in successful bowel management and that there was a need for high-quality research on all aspects of managing bowel dysfunction in MS in order to improve patients' QoL [Norton and Chelvanayagam, 2010] .
The neuroanatomical basis for bowel disorders in patients with MS is less clear than that of bladder dysfunctions. Factors that could contribute to constipation include poor mobility, voluntary fluid restriction to minimize urinary incontinency, anticholinergic drugs taken for concomitant bladder symptoms and poor dietary habits. In addition, a slow colonic transit time has been seen in patients with MS [Chia et al. 1995] . Faecal incontinency may arise as a result of diminished perineal and rectal sensation, weak sphincter squeeze pressures, faecaloma leading to rectal overloading and overflow, or any combination of these factors.
Specific treatment
Although general recommendations for management of bowel dysfunction in MS include maintaining a high-fibre diet, high fluid intake, regular bowel routine and the use of enemas or laxatives, the evidence to support the efficacy of these recommendations is scant [Wiesel et al. 2001] . Biofeedback retraining has been shown to be effective treatment in some patients, particularly those with limited disability and a nonprogressive disease course [Wiesel et al. 2000 ]. Long-term pharmacological treatment to prevent bowel dysfunction is not recommended and can lead to habituation. However, pharmacological treatment cannot always be avoided [Preziosi and Emmanuel, 2009 ].
Sacral nerve stimulation has been used for the treatment of faecal incontinence [Govaert et al. 2009 ]. This procedure has not been systematically studied in MS, but may lead to substantial benefit in some patients.
Conclusions
Our primary aim in this review was to increase awareness of the comorbidities and symptoms of MS and to emphasize their importance and potential influence on patient QoL. For example, a study investigating QoL in patients with MS showed that worsening symptoms of fatigue, pain, depression and perceived cognitive complaints had a major impact on QoL in these individuals [Motl et al. 2010] . Depression has been reported as being the main factor influencing QoL; however, disability status, fatigue and reduced sleep quality also have an impact on physical domains of QoL [Lobentanz et al. 2004] . Physical activity has been associated with a small improvement in QoL in MS patients [Motl and Gosney, 2008] , although this may be an indirect relationship [Motl et al. 2009 ]. Rehabilitative strategies have also been linked with improved and maintained functioning in patients with MS [Rasova et al. 2010] , and should be encouraged.
The effect of these comorbidities and symptoms can have serious ramifications for people with MS and may contribute to treatment compliance issues and recovery from relapses, etc. The presence of these additional symptoms can also place a greater burden on carers, family, friends and other support networks [Rivera-Navarro et al. 2009 ]. Consequently, accurate and timely diagnosis, prescription of medication (if appropriate) and implementation of coping strategies will significantly contribute to the well-being and QoL of people with MS.
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